Background
==========

Patients with end-stage renal diseases (ESRDs) that require long-term dialysis are a public health concern worldwide. Common adverse consequences of long-term dialysis include hypoalbuminemia and worsened nutritional status related to increased morbidity and mortality rates.[@b1-ijnrd-10-145] Malnutrition is common among peritoneal dialysis patients and occurs in 30%--50% of patients.[@b2-ijnrd-10-145]--[@b4-ijnrd-10-145] Long-term dialysis patients including continuous ambulatory peritoneal dialysis (CAPD) exhibit protein and energy intake levels below National Kidney Foundation Kidney Dialysis Outcome Quality Improvement (NKF-K/DOQI) Guidelines.[@b5-ijnrd-10-145]--[@b8-ijnrd-10-145] Several factors contribute to lower dietary intake among dialysis patients, such as anorexia, inadequate dialysis, volume overload, gastrointestinal disease, and comorbid illness.[@b9-ijnrd-10-145] In addition, among patients with CAPD, loss of proteins and amino acids to the dialysate may also play important roles of malnutrition. Administration of oral nutritional supplements would have beneficial effects on the nutritional status among these patients.

The implementation of dietary interventions can be challenging to the medical care team and patients with CAPD. Supplementary protein nutrients induce a significant improvement in caloric intake, serum albumin concentration, muscle strength, and quality of life among dialysis patients.[@b10-ijnrd-10-145]--[@b12-ijnrd-10-145] Therefore, oral-specific renal dialyze nutritional supplementation designed to increase energy, protein, and fiber intake and decrease sodium, potassium, and phosphorus might be one therapeutic intervention to improve CAPD outcomes. Currently, no consensus exists on the guidelines concerning the type, time of initiation, or duration of oral nutrition supplements.[@b13-ijnrd-10-145] In this study, the effects of dietary renal-specific formula or Otsuka Nutrition Pharmaceutical (ONCE) dialyze formula (ODF) supplementation on the nutritional status among patients with CAPD with inadequate calories and protein intake plus hypoalbuminemia were examined. The expected outcome of the primary study was change in the average serum prealbumin and albumin measurements between baseline and follow-up among CAPD patients.

Methods
=======

Between January and December 2016, stable patients with CAPD for at least 3 months, serum albumin level \<3.8 g/dL, dietary protein intake \<1 g/kg/day, and dietary energy intake between 20 and 25 kcal/kg/day from the hospital-based dialysis unit were enrolled. Subjects with inadequate dialysis, active congestive heart failure, advanced liver disease, active malignancy, pregnancy, recent episode of peritonitis, or hospitalization within 3 months and active inflammatory condition such as lupus, celiac disease, Crohn's disease, rheumatoid arthritis, and chronic infection were excluded. All subjects signed an informed consent statement before inclusion in the study. The study protocol was approved by the Ethics in Human Research Committee of the Royal Thai Army Medical Department and Chaiyaphum Hospital, Thailand.

All patients had their medical history reviewed. The assessment consisted of anthropometric measurements, dietary intake, and biochemical test. Anthropometric measurements such as body weight, height, and body mass index (BMI) were measured using standard protocols before and after treatment. Casual systolic blood pressure (SBP) and diastolic blood pressure (DBP) were measured using a standard mercury sphygmomanometer applied on the same arm after a 10-minute rest in the sitting position. All patients were subjected to an initial nutritional evaluation; individuals were evaluated for any degree of malnutrition, as measured by the modified subjective global assessment (SGA). Modified SGA evaluated weight loss, dietary intake, gastrointestinal symptoms, functional impairment, presence of edema, muscle wasting, and body fat loss. Levels of SGA were classified as A = normal to mild malnutrition, B = moderate malnutrition, and C = severe malnutrition.

Dietary intake
--------------

A 3-day dietary history of nutrient intake, absolute and adjusted for actual body weight, was obtained before and after the study period. Nutrient composition of the diets was analyzed using the Inmucal National Food Database Program. All participants received oral ODF supplementation added to the regular diet for 15 days. The intervention consisted of oral liquid ODF supplementation at 370 kcal per 80 g and the following ingredients: 16.98 g of proteins, 41.19 g of carbohydrate with soluble dietary fiber (fibersol) 2.25 g, 16.45 g of fat, 149.9 mg of calcium, 149.9 mg of phosphorus, 206.2 mg of potassium, and 154.4 mg of sodium. [Table 1](#t1-ijnrd-10-145){ref-type="table"} summarizes all the components in ODF and other commercial dietary supplements.

Biochemical analysis
--------------------

Blood samples were drawn in the morning from participants after an overnight fast of 12 hours at baseline and after 15 days of treatment. Plasma concentrations of glucose, hemoglobin, creatinine, blood urea nitrogen (BUN), calcium, phosphorus, magnesium, albumin, and prealbumin were measured. Urea clearance was calculated as *Kt*/*V*, where *K* is a constant, *t* is time, and *V* is total body water. All subjects performed self-directed 24-hour urine collections and underwent residual creatinine and urea clearance. Serum and urine creatinine samples were analyzed using the enzymatic method.

Safety monitoring
-----------------

Adverse events that were or were not considered to be related to ODF treatment were monitored. The patients were questioned each time in a systematic way regarding their experiences concerning adverse events during the 15 days.

Statistical analysis
--------------------

Each value was expressed as the percentage, mean ± SD, or median (inter-quartile range), depending on the normality of data distribution. Continuous variables between baseline and at the end of study were compared using paired *t*-tests and Wilcoxon signed ranks test. Chi-square test or McNemar's test was used to examine the categorical variables. A two-tailed *P*-value \<0.05 was considered statistically significant. Statistical analysis was performed by using SPSS for Windows, version 16.0 (SPSS, Chicago, IL, USA).

Results
=======

A total of 30 hypoalbuminemic patients with CAPD were recruited from the outpatient unit. The patients were all Thais, 39.4% male with a mean age of 61.9±12.3 years. Body weight was 53.7±9.5 kg and mean weekly *Kt*/*V* was 2.2±0.4. Mean serum albumin level and prealbumin were 3.3±0.4 g/dL and 33.8±11.1 mg/dL, respectively. The comorbid diseases among the patients included diabetes mellitus (40%), hypertension (25%), ischemic heart disease (10%), and dyslipidemia (70%). Clinical characteristics of the patients are shown in [Table 2](#t2-ijnrd-10-145){ref-type="table"}.

Dietary intake
--------------

Estimated energy and nutrient intake are summarized in [Table 3](#t3-ijnrd-10-145){ref-type="table"}. A significant increase in energy intake from 1,134.4±280.2 to 1,436.1±264.9 kcal/day and protein intake from 48.0±16.0 to 59.9±11.1 g/day were noted during the study (*P*\<0.001). At the end of the study, dietary intake of carbohydrate, fat, and fiber increased significantly by 30.6 (15.7--45.6) g/day (*P*\<0.001), 17.6 (13.7--21.5) g/day (*P*\<0.001) and 5.61 (3.21--8.02) g/day (*P*\<0.001), respectively. In addition, potassium, calcium, and magnesium intake also increased significantly after 15 days of intervention. However, no significant change in sodium or phosphorus intake was found as shown in [Table 3](#t3-ijnrd-10-145){ref-type="table"}.

Nutritional, biochemical, and inflammatory parameters
-----------------------------------------------------

Modified SGA scores were used to more clearly identify the effects of ODF on the nutritional status. At baseline, 75.8% of patients were well nourished and 24.2% had mild-to-moderate malnutrition. At the end of follow-up, the frequency of patients with mild-to-moderate malnutrition decreased by 6% in the study group (24.2 vs 18.2%, *P*=0.625).

Changes in nutritional indices are shown in [Table 4](#t4-ijnrd-10-145){ref-type="table"}. Overall, body weight and BUN significantly increased during the study. At the end of study, patients had higher prealbumin concentrations compared with the baseline values (33.8±11.1 vs 35.4±10.1 mg/dL, *P*=0.004, [Figure 1](#f1-ijnrd-10-145){ref-type="fig"}). However, compared with the baseline values, patients had non-significantly higher values of albumin, fasting plasma glucose, white blood cell count, hemoglobin, and high-sensitivity C-reactive protein (CRP) after 15-day supplementation.

At the end of the study, serum bicarbonate and chloride decreased significantly by −1.61 (−2.42 to −0.79) mEq/L (*P*=0.002) and −4.35 (−5.99 to −2.7) mEq/L (*P*\<0.001), respectively. In contrast, serum sodium and calcium increased significantly by 1.89 (0.76 to 3.03) mEq/L (*P*=0.002) and 0.16 (0 to 0.32) mEq/L (*P*=0.046), respectively. However, dietary intervention did not significantly change the levels of serum creatinine, potassium, phosphorus, urine sodium, residual renal urea clearance, and creatinine clearance, but it improved the incidence of hypokalemia (78.8% vs 27.3%, *P*=0.001).

Safety profile
--------------

The rate of adverse events with hyperkalemia (potassium \>5.5 mEq/L), hypercalcemia (calcium \>10.5 mg/dL), and hyperphosphatemia (phosphorus \>5.5 mg/dL) among patients given dietary supplement did not significantly increase. At the study's completion, no subject had developed any adverse event or hospitalization or died.

Discussion
==========

This research comprised a clinical study regarding ODF supplement among CAPD patients. The ODF supplement increased the energy, protein, carbohydrate, fat, fiber, calcium and magnesium intake with significant changes observed in body weight, serum prealbumin, and BUN in a CAPD population. Thus, ODF supplement tended to benefit the CAPD population. However, the finding comprised a short-term clinical outcome.

Malnutrition and inadequate dialysis have a high risk of mortality, even after adjusting for well-known mortality risk factors.[@b14-ijnrd-10-145],[@b15-ijnrd-10-145] Dietary counseling and supplementation play an important role in patients with chronic dialysis, to improve nutrient intake, nutritional status, and quality of life in patients with CAPD.[@b11-ijnrd-10-145],[@b12-ijnrd-10-145] This preliminary study confirmed that hypoalbuminemic dialysis patients treated with dietary counseling and ODF supplement had higher nutrient intake, body weight, and serum prealbumin concentrations along with decreasing modified SGA scores. Similarly, oral nutritional supplement improved caloric intake and nutritional status among patients on maintenance hemodialysis and peritoneal dialysis.[@b16-ijnrd-10-145],[@b17-ijnrd-10-145] Further studies of the efficacy of ODF regimen with respect to improving clinical outcomes are required regarding severe malnourished dialysis patients.

Dialysis patients are recommended to have a daily protein intake of \>1.2 g/kg/day and an energy intake of 30--35 kcal/kg/day.[@b18-ijnrd-10-145],[@b19-ijnrd-10-145] Inadequate dietary intake is considered the most important cause of malnutrition among dialysis patients, and patients with CAPD have more inadequate dietary intakes than do hemodialysis patients.[@b20-ijnrd-10-145] Despite the common use of oral nutritional supplements among patients with CAPD, little evidence has shown improvement of nutritional status especially serum albumin concentration and in achieving the recommended nutritional target. One study documented that serum albumin rose from 2.6±0.4 to 3.1±0.7 g/dL after 6 months of oral nutritional supplement.[@b17-ijnrd-10-145] However, in this study and other related studies,[@b21-ijnrd-10-145],[@b22-ijnrd-10-145] no significant changes were observed in serum albumin concentration after intervention. The explanation for the negative finding was probably that at the end of follow-up, the subjects of this study continued to show significantly lower nutritional intake than recommended, and only a short-term nutritional supplement for 15 days was provided. A longer follow-up or a higher nutrition supplement may provide clearer evidence for improvement of serum albumin level. In addition, the use of serum albumin as a marker of malnutrition among dialysis patients is controversial because albumin levels are relatively insensitive to changes in nutrition. Albumin has a relatively large body pool and a half-life of 20 days. Serum albumin levels are affected by the patient's state of hydration, and almost all patients with CAPD had volume overload. Causes of hypoalbuminemia among the patients with CAPD of this study were clearly present including volume overload, aging, diabetes, and high transporters of peritoneal membrane.

However, in this study, for CAPD dialysis patients treated with ODF supplement, serum prealbumin concentrations significantly improved, but serum albumin did not change. The nutritional care consensus group recommended checking serum prealbumin levels in all patients admitted to the hospital with malnutrition or nutritional risk factors such as renal disease because the level of prealbumin is a sensitive method of assessing the nutrient intake and nutritional status among patients with chronic illness.[@b23-ijnrd-10-145] In addition, the volume status does not affect the prealbumin levels, and prealbumin levels have been shown to correlate with patient outcomes and predict survival among patients undergoing hemodialysis and peritoneal dialysis.[@b24-ijnrd-10-145],[@b25-ijnrd-10-145]

Malnutrition, inflammation, and atherosclerosis (MIA) syndrome is important, and it has been reported that malnutrition and inflammation were risk factors for cardiovascular disease in dialysis populations.[@b26-ijnrd-10-145],[@b27-ijnrd-10-145] As a marker of systemic inflammatory reaction, serum high-sensitive CRP is the one of the predictors for developing cardiovascular disease and protein and energy wasting related to appetite suppression. Few studies have reported about nutritional supplement concerning inflammatory parameters. Intensive dietary counseling and dietary ODF supplement have led to improvement in nutrient intake and have tended to decrease high-sensitivity CRP in a CAPD population. However, the improvement in dietary intake may also be one effect of dialysis per se, but the adequacy of dialysis during the study remained unchanged. Further prospective longitudinal studies are needed to clarify the exact interrelations between nutrient intake and pro-inflammatory cytokines among dialysis patients.

The study had a few limitations. First, the single center of pilot study design was an unrandomized trial, and the results showed that ODF administration increased the initially low serum prealbumin concentrations concomitant with BUN concentrations and body weight among patients with CAPD. Fewer patients were included among moderate-to-severe malnourished dialysis patients, which could have more benefits of treatment on nutritional outcomes and status. In addition, the study had a short follow-up duration. Thus, it would have been better to have a longer follow-up period to understand the efficacy and safety of the long-term effects of ODF on nutritional status and main clinical outcomes. However, conducting a randomized clinical trial involving adjusted nutritional intake on long-term dialysis outcomes is difficult, and the use of surrogate outcomes rather than definitive outcomes may be an alternative option.

In conclusion, this prospective study indicated that consuming special renal nutritional formula produces more energy, protein, nutrients, fiber, and appropriate electrolyte intake among patients with CAPD. This oral supplementation was associated with a trend toward improved modified SGA scores. Oral-specific ODF treatment may be an effective method of improving the nutritional status among peritoneal dialysis patients. Further large-scale studies using longer periods will be needed to clarify related issues.
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###### 

Comparison of ONCE dialyze formula and other commercial dietary supplements in 1,000 kcal

  Component                                    ONCE dialyze                     Nepro                           Ensure
  -------------------------------------------- -------------------------------- ------------------------------- -------------------------------
  Caloric distribution of macronutrients (%)                                                                    
   Protein                                     18%                              18%                             16%
   Carbohydrate                                42%                              35%                             55%
   Fat                                         40%                              47%                             29%
  Source                                                                                                        
  Protein                                      45.89 g                          44.94 g                         20.24 g
                                               Whey protein isolate             Casein 32.65g (72.66%)          Casein 14.19 g (70.11%)
                                               13.51 g (29.45%)                 Milk protein 12.29 g (27.34%)   Soy protein 4.19 g (20.69%)
                                               Casein 32.38 g (70.55%)                                          Milk protein 1.86 g (9.20%)
  Carbohydrate                                 111.32 g                         89.18 g                         72.71 g
                                               Maltodextrin 37.03 g (33.26%)    Cornmaltodextrin                Corn syrup solid 28.97 g
                                               Isomaltulose 60.78 g (54.6%)     57.09 g (64.02%)                (39.84%)
                                               Fibersol 6.08 g (5.46%)          Sucrose 14.14 g (15.86%)        Maltodextrin 24.82 g (34.13%)
                                               FOS 7.44 g (6.68%)               Fibersol 11.11 g (12.46%)       Sucrose 13.50 g (18.57%)
                                                                                FOS 6.82 g (7.65%)              FOS, Inulin 5.42 g (7.46%)
  Fat                                          44.46 g                          53.41 g                         17.65 g
                                               Canola oil 10.81 g (24.32%)      HOSO 37.31 g (69.86%)           HOSO 10.94 g (61.97%)
                                               HOSO 5.41 g (12.16%)             Canola oil 16.10 g (30.14%)     Soybean oil 4.97 g (28.17%)
                                               MCT oil 14.19 g (31.91%)                                         Canola oil 1.74 g (9.86%)
                                               Rice bran oil 14.05 g (31.61%)                                   
  Micronutrient Vitamins and minerals                                                                           
  Vitamin A (IU)                               190.2                            1,764.7                         3,508.7
  Vitamin D (IU)                               8.6                              47.1                            443.5
  Vitamin C (mg)                               101.3                            58.8                            126.5
  Calcium, mg                                  405.1                            588.2                           1,052.2
  Phosphorus, mg                               405.1                            400                             630.4
  Magnesium, mg                                110.3                            117.6                           187.0
  Potassium, mg                                557.3                            588.2                           1,567.4
  Sodium, mg                                   417.3                            588.2                           842.2
  Carnitine, mg                                281.3                            148.2                           --
  Others                                       As Thai RDI recommend                                            

**Abbreviations:** FOS, fructooligosaccharide; HOSO, high oleic safflower oil; MCT, medium-chain triglyceride; ONCE, Otsuka Nutrition Pharmaceutical; RDI, reference daily intake.

###### 

Characteristics of the study population

  Parameters                                               N=33
  -------------------------------------------------------- ------------
  Male (N, %)                                              13 (39.4)
  Age (years)                                              61.9±12.3
  Height (cm)                                              158.8±8.6
  Body weight (kg)                                         53.7±9.5
  Body mass index (kg/cm^2^)                               21.3±2.8
  Systolic blood pressure (mmHg)                           141.3±26.6
  Diastolic blood pressure (mmHg)                          77.7±15.1
  Hemoglobin (g/dL)                                        10.6±2.1
  Prealbumin(mg/dL)                                        33.8±11.1
  Albumin (g/dL)                                           3.3±0.4
  Fasting plasma glucose (mg/dL)                           120.9±52.5
  BUN (mg/dL)                                              45.8±13.9
  Serum creatinine (mg/dL)                                 8.5±3.2
  Weekly *Kt*/*V*                                          2.2±0.4
  Residual renal creatinine clearance (mL/min/1.73 m^2^)   
  High-sensitivity CRP (mg/dL)                             5.2±9.8

**Note:** Data are presented as n (%) and mean ± SD.

**Abbreviations:** BUN, blood urea nitrogen; CRP, C-reactive protein; *K*, a constant; *t*, time; *V*, total body water; SD, standard deviation.

###### 

Dietary intake with 3-day food record at baseline and end of 15-day follow-up

  Per day                Baseline        15 days         Mean change (95% CI)     *P*-value
  ---------------------- --------------- --------------- ------------------------ -----------
  Energy (kcal)          1,134.4±280.2   1,436.1±264.9   301.6 (223.4 to 379.9)   \<0.001
  Energy (kcal/kg/day)   21.9±7.1        27.1±6.7        5.2 (3.8 to 6.6)         \<0.001
  Protein (g)            48.0±16.0       59.9±11.1       11.9 (6.9 to 16.8)       \<0.001
  Protein (g/kg/day)     0.9±0.3         1.1±0.3         0.21 (0.1 to 0.3)        \<0.001
  Carbohydrate (g)       155.4±44.9      186.0±52.3      30.6 (15.7 to 45.6)      \<0.001
  Fat (g)                35.5±12.6       53.1±13.3       17.6 (13.7 to 21.5)      \<0.001
  Fiber (g)              5.8±2.9         11.4±6.6        5.6 (3.2, 8.0)           \<0.001
  Sodium (mg)            1,957.4±687.7   1,944.2±800.9   −13.2 (−251.4 to 225)    0.911
  Potassium (mg)         1,020.3±379.2   1,171.6±383.1   151.4 (15.7 to 287.0)    0.030
  Calcium (mg)           275.4±161.7     398.4±146.1     123.0 (75.6 to 170.4)    \<0.001
  Phosphorus (mg)        506.8±203.1     559.9±117.2     53.1 (−11.2 to 117.5)    0.102
  Magnesium (mg)         20.7±19.0       59.0±17.2       38.3 (32.0 to 44.5)      \<0.001

**Notes:** Data are presented as mean ± SD and mean change (95% CI). *P*-value corresponds to paired *t*-test.

**Abbreviations:** SD, standard deviation; CI, confidence interval.

###### 

Nutritional and laboratory parameters at baseline and end of 15-day follow-up

  Variables                                         Baseline            End                 Mean change (95% CI)       *P*-value
  ------------------------------------------------- ------------------- ------------------- -------------------------- -----------
  Nutrition and inflammatory parameters                                                                                
  Body weight (kg)                                  53.7±9.5            54.5±9.2            0.7 (0.1 to 1.3)           0.017
  Serum albumin (g/dL)                              3.2±0.5             3.2±0.5             −0.1 (−0.13 to 0)          0.062
  Prealbumin (mg/dL)                                33.8±11.1           35.4±10.1           1.6 (0.4 to 2.8)           0.008
  Hemoglobin (g/dL)                                 10.6±2.1            10.5±2.0            −0.2 (−0.5 to 0.1)         0.280
  White blood cell count (10^6^/mL)                 8.1±3.1             8.2±2.4             0.13 (−0.5 to 0.8)         0.658
  Lymphocyte count (%)                              21.5±6.8            20.9±8.4            −0.6 (−2.5 to 1.2)         0.487
  FPG (mg/dL)                                       120.9±52.5          124.2±76.8          3.3 (−20.6 to 27.1)        0.782
  BUN (mg/dL)                                       45.8±13.9           49.9±15.9           4.2 (1.4 to 6.9)           0.005
  Serum creatinine (mg/dL)                          8.5±3.3             8.4±3.3             −0.1 (−0.4 to 0.3)         0.688
  High-sensitivity CRP (mg/dL)                      5.2±9.8             2.4±3.6             −2.8 (−6.4 to 0.8)         0.124
  Serum electrolytes and mineral parameters                                                                            
  Sodium (mEq/L)                                    132.9±6.1           134.8±5.3           1.9 (0.8 to 3.0)           0.002
  Sodium\<135 mEq/L                                 18 (54.5%)          15 (45.5%)                                     0.257
  Potassium (mEq/L)                                 3.9±0.7             4.0±0.8             0.07 (−0.2 to 0.3)         0.510
  Potassium\<3.5 mEq/L                              26 (78.8%)          9 (27.3%)                                      0.001
  Potassium\>5.5 mEq/L                              0 (0%)              1 (3%)                                         0.317
  Chloride(mEq/L)                                   95.6±5.6            91.3±6.5            −4.4 (−5.9 to −2.7)        \<0.001
  Bicarbonate (mg/dL)                               28.4±2.4            26.8±2.1            −1.6 (−2.4 to −0.8)        \<0.001
  Bicarbonate\<24 mEq/L                             2 (6.1%)            3 (9.1%)                                       0.564
  Calcium (mg/dL)                                   8.6±0.6             8.7±0.7             0.2 (0 to 0.3)             0.046
  Phosphorus (mg/dL)                                3.9±1.0             3.9±1.2             −0.01 (−0.3 to 0.2)        0.952
  Residual renal electrolytes and renal clearance                                                                      
  Urine sodium (mEq/day)                            61.9±55.5           59.7±44.9           −2.7 (−15.1 to 9.7)        0.663
  Urea clearance (mL/min)                           3,579.2 ± 2,917.1   3,174.9 ± 2,560.9   −305.8 (−840.4 to 228.8)   0.251
  Creatinine clearance (mL/min)                     6,344.4 ± 5,039.8   5,899.3 ± 4,419.9   −276.8 (−962.7 to 409.0)   0.415

**Notes:** Data presented as mean ± SD and mean change (95% CI). *P*-value corresponds to paired *t*-test and Wilcoxon signed ranks test.

**Abbreviations:** BUN, blood urea nitrogen; CRP, C-reactive protein; FPG, fasting plasma glucose; SD, standard deviation; CI, confidence interval.
